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Studying the Behavior of the C45 Material when Changing the tool geoMetry  
uSing the finite eleMent Method

Machining with tool that have cutting edge radius provides components with high fatigue strength, microhardness of a large 
surface layer and plastic deformation. Finite element simulations of the cutting process give a better knowledge of the chip generation 
phenomenon, heat generation in the machining area, stress and temperature field results. This study emphasizes the true importance 
of the mathematical model that underlies the shape of the tool in the pre-processing steps of finite element analysis. The argument 
is that its achievement and definition depend on the network difficulty. This research purpose is to perform simulations series of 
orthogonal machining with different radius and depth of cut. in this way, conclusions on the impact of these variations on the whole 
cutting process were drawn. The finite element application used is deform 2d, the lagrange incremental method and the Johnson-
cook material model. The temperature distribution, stress distribution, von Mises stress distribution, effects on specific tool pressure 
and wear, and fluctuations in the cutting resistance of the tool tip and c45 workpiece were analyzed. 
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1. introduction

When machining with a tool with a cutting edge radius, the 
surface layer has a high hardness and plastic deformation, and 
components with high fatigue resistance can be obtained [1,2]. 
The cutting edge radius can cause stress and temperature in the 
layers of the machined surface, and this can exert an effect on the 
processed surface properties and on tool life [3,4]. in machining 
simulations, it is necessary to predict the physical cutting process 
and the stress and temperature fields [5,6]. The tool edge radius is 
particularly important because it results in improved tool life and 
the integrity of the work surface is important [7,8]. There are two 
analytical methods that can study and model the transformation 
process: euler and lagrange [9-11]. Two different methods can 
be used in these analyzes. They are called implicit and explicit 
integration techniques [12-14]. Based on the literature, recent 
studies of FeM applications include the effects and effects of 
edge shape on orthogonal cutting [16], the prediction of stress 
and temperature on machined surfaces of various materials 
[17,18], and the research goals of inserts. included. Forming 

under the influence of radius and temperature distribution of 
tools and parts [19] and stress distribution in orthogonal cutting 
using finite element simulation [20,21]. Therefore, in carrying 
out this study, the lagrange incremental formulation is used to 
simulate the cutting process, where the shape of the tool shows 
the radius of the cutting edge. in this case, the workpiece can 
be deformed along the radius of the tool edge, which allows 
the most accurate simulation of the physical chip generation  
process [22].

2. research methodology

The study of bibliographic material led to the identification 
of some shortcomings. They hope that it will be analyzed and ex-
plained to some extent in their own research. We will also explain 
the implementation of the simulation of changes in the cutting 
edge radius and the effects of depth of cut. cutting tool profiles 
were parametrically modeled using Autodesk inVenTor and 
tool shape simulations were performed using deForM 2d.
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3. defining the tool and the workpiece  
geometry

First, we must define and model the geometry of the 
tool. The figure 1 contains the profile of the tool and its shape 
parameters. Face angle B [o], back angle c [o], cutting edge 
radius variants. So: l1 = 3, l2 = 3, B = 10, c = 5 and r varies: 
(1) r = 0.05; (2) r = 0.1; (3) r = 0.2; (4) r = 0.3; (5) r = 0.4. 
cutting tool profiles and part definitions occupy an important 
position in the discretization step and have a significant impact 
on the analysis results. The next step is to select the material and 
mashing the previously created geometric pattern.

4. Choice of tool and workpiece materials

The tool material selected from the FeA application data-
base is uncoated metal carbide. The working material is c45. The 
basic material model is Johnson-cook, which describes the stress 
of plastic deformation occurring in the material, considering the 
effects of deformation, strain rate and temperature.

5. discretization of the geometric models  
of the tool and workpiece

The network structure of the tool and workpiece model 
assumes that it is an interconnected external node, which is fur-
ther divided into a network of specific finite element numbers 
or numerical integration points. This operation selects the type 
of finite elements to be used and determines their distribution 
in the discretized area, leading to their number, size and shape. 
Figure 2 shows the working meshing. The discretization of the 
geometric model of the tool is presented for each variant. So, if 
cutting edge radius r is 0.05 mm the model has 9794 elements 
and 9989 pivotal points, when r is 0.1 mm the model has 9956 
elements 10149 pivotal points, when r is 0.2 mm the network 
has 9868 elements 10058 pivotal points, when r is 0.3 mm we 
have 9842 elements 10029 pivotal points and when r is 0.4 mm 
the model has 9795 elements 9980 pivotal points.

6. finite element simulation

The purpose of running the simulation is to investigate the 
effects caused by changes in the cutting edge radius and depth 

Fig. 1. orthogonal cutting with indication of the tool tip area used in deForM 2d

Fig. 2. Geometrical model discretization of the workpiece in a number of 10037 elements and 10217 nodes
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of cut during the entire cutting process. The cutting conditions 
are: workpiece diameter – 50 [mm], cutting speed – 300 [m/min], 
feed rate – 0.1 [mm/rot], rake angle B – 10 [o], clearance angle 
c – 5 [o], ambient temperature – 20 [oc], tool material – uncoated 
carbide and the workpiece material – c45, cutting edge radius: 
0.05; 0.1; 0.2; 0.3; 0.4 [mm], cutting depth; 0.3; 0.4; 0.5 [mm].

TABle 1 shows the effective stress distribution of the 
workpiece over a 2 mm work surface area. The results obtained 
on the basis of the simulation show that the effect of the fluc-
tuation of the cutting edge radius on the effective stress gener-
ated in the workpiece is small. The maximum values of these 
stresses (0.05, 0.1, 0.3 and 0.4 mm in r situations) tend to remain 

TABle 1
FeA results centralization

Cutting edge radius
0.05 mm 0.1 mm 0.2 mm 0.3 mm 0.4 mm

Cutting depth 0.3 mm
effective stress [Mpa] – in the workpiece – at 3 mm machining

effective stresses in the workpiece – when the tool starts the cutting process
1328.65 MPa 1327.74 MPa 1317.95 MPa 1322.04 MPa 1340.79 MPa

distributionof von Mises stresses in the workpiece – at 3 mm machining
6.387 mm/mm 7.543 mm/mm 8.580 mm/mm 8.928 mm/mm 8.921 mm/mm

Workpiece temperature distribution
643.246oc 770.743oc 885.217oc 906.460oc 909.729oc

Tool temperature distribution
654.614oc 542.147oc 614.844oc 666.264oc 741.428oc

Cutting depth 0.4 mm
effective stress [Mpa] – in the workpiece – at 3 mm machining

effective stresses in the workpiece – when the tool starts the cutting process
1328.72 MPa 1327.74 MPa 1317.95 MPa 1322.05 MPa 1340.80MPa

distributionof von Mises stresses in the workpiece – at 3 mm machining
6.006 mm/mm 7.521 mm/mm 8.910 mm/mm 8.924 mm/mm 8.606 mm/mm

Workpiece temperature distribution
637.589oc 773.983oc 883.073oc 902.023oc 905.683oc

Tool temperature distribution
658.876oc 539.725oc 622.823oc 685.143oc 729.200oc

Cutting depth 0.5 mm
effective stress [Mpa] – in the workpiece – at 3 mm machining

effective stresses in the workpiece – when the tool starts the cutting process
1328.65 MPa 1327.74 MPa 1317.95 MPa 1322.05 MPa 1340.80 MPa

distributionof von Mises stresses in the workpiece – at 3 mm machining
6.387 mm/mm 8.305 mm/mm 8.903 mm/mm 8.924 mm/mm 8.928 mm/mm

Workpiece temperature distribution
643.246oc 781.321oc 879.468oc 902.023oc 916.558oc

Tool temperature distribution
654.614oc 543.053oc 622.712oc 685.143oc 725.068oc
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the same in each situation with cutting depths of 0.3, 0.4 and 
0.5 mm. The same cannot be said for a cutting edge radius of 
0.2 mm, because the effective stress is constantly decreasing. 
if the depth of cut is 0.3 mm, the maximum effective stress is 
1383 260 MPa and the depth of cut is 0.4 mm. – 1344,867 MPa 
and 0,5 mm – 1334,823 MPa. At a cutting depth of 0.3 mm, the 
maximum effective stress does not show a constant increase 
or decrease. here the tendencies of every simulation oscillate. 
however, this cannot be determined for cutting depths of 0.4 mm 
and 0.5 mm, as the maximum effective stress associated with the 
radii of 0.05 mm and 0.1 mm shows a steady decrease from 0.1 
to 0.4. mm This trend is vibration-free growth in both situations 
(depths of cut are 0.4 and 0.5). 

When the tool begins to rotate, TABle 1 also shows that 
the value of the effective stress distribution of the workpiece is 
not directly affected by increasing the radius of the cutting tool. 
The data in TABle 1 show also the vibrational values of the 
von Mises stress distribution with increasing changes in depth 
of cut. A constant increase in the value of von Mises stress is 
observed if the cutting edge radius increase.

According to the results in TABle 1 from the simula-
tion of the temperature distribution in the machining area, the 
change in radius is followed by an increase in temperature from 
643°c to approximately 909°c – at a cutting depth of 0.3 mm. 
From 637°c to about 905°c when the depth of cut is 0.4 mm. 
From 643°c to about 916°c when the depth of cut is 0.5 mm. 
The effect of this tool diameter is always noticeable as the depth 
of cut increases. When the radius of the blade changes from 
0.05 mm to 0.4 mm, the temperature gradually rises. even in 

such a situation, the effect of the change in depth of cut is not 
felt due to the temperature value that appears on the workpiece 
during cutting. For example, when changing the cut, consider the 
radius of the cutting edge. depth 0.3 to 0.4 and 0.5 mm – tends 
to remain constant. The tool temperature rises in certain zones. 
Therefore, in addition to the geometry of the tool, which tends 
to compress the material, temperature also favors it. 

The graph in TABle 2 shows the temperature ranges that 
occur in the turning process for the three depths of cut variations 
examined. For the temperature inside the tool, you can see that 
the temperature changes are similar in the same time interval at 
each depth of cut of 0.3, 0.4, 0.5 mm. For each value that the 
depth of cut receives, corresponding to cutting edge radii of 
0.05 mm and 0.1 mm, the temperature that appears on the tool 
shows a steady increase. As the cutting edge radius changes (ie 
0.2, 0.3, 0.4 mm), the temperature fluctuates as the value as-
signed to the radius increases. regardless of the value assigned 
to the depth of cut, the tool tip temperature value increases as 
the change in radius of the cutting edge of the assigned value 
of 0.05, 0.1, 0.2, 0.3 and 0.4 mm increases. in the same time 
interval below a radius of 0.05 mm, it is observed that the tem-
perature suddenly rises to 600oc in 0.000042 seconds. At this 
point, the temperature tends to normalize, its vibrations decrease, 
and the simulation ends. it can be seen from the graph that the 
higher the value assigned to the cutting edge radius, the larger 
the time interval in which the test moments for temperature 
normalization increase, and the greater the vibrations. detailed 
results are shown in TABle 3 for specific pressure distributions. 
An increase in the change in cutting edge radius observes an 

TABle 2

Graphical representation of the influence of the cutting-edge radius variation according to the cutting depth  
on the temperatures during the cutting process

temperatures occurred in the tool temperatures occurred in the workpiece

cutting depth 0.3 mm cutting depth 0.4 mm cutting depth 0.5 mm
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increase in these pressure distributions at the tool-part interface. 
As a result of this table, the X-axis contact area between the tool 
and the workpiece increases with a surface area of 5.06 mm, from 
a cutting edge radius of 0.05 mm to 0.4 mm to about 5.25 mm. 
At the same time, on the y axis, which covers an area of 2.05 mm 
with a cutting edge radius of 0.05 mm, it will occupy an area of 
2.17 mm as the radius increases when the cutting edge radius 
reaches 0.4. hmm. Therefore, in situations where it is desirable 
to have the smallest possible specific level of pressure distribu-
tion at the interface between the tool and the workpiece, it is 
advantageous to reduce the value of the cutting edge radius. 

The representations in TABle 4 show the areas where 
tool wear occurs. The larger the sharp radius of the wheel, the 
larger the friction surface between the tool and the workpiece 
and the greater the resistance of the tool edge. The illustrations 
in TABle 4 show the X and y dimensions of the area where 
the wear craters occur on the free surface and its afferent posi-
tions (marked in red). Another important aspect to be analyzed 

is the effect of changes in the cutting edge radius on the cutting 
resistance with respect to the depth of cut. it is quite clear in 
TABle 5 that the cutting forces generated by the cutting process 
show higher values at higher radii. The simulation results are 
displayed in the same time frame as shown below. if the cutting 
edge radius is small (0.05 mm), the cutting resistance increases 
sharply to about 200 n at the beginning of the cut, which is then 
maintained. As the cutting radius increases, so does the value of 
the cutting resistance, which is maintained for shorter and shorter 
time intervals, then the value of the cutting resistance increases 
again and renormalizes. The situation changes slightly when the 
depth of cut is changed from 0.3 mm to 0.4 mm and 0.5 mm. 
According to the figure, the cutting resistance increases slightly 
with increasing depth of cut. Thus, if the goal is to achieve the 
lowest possible cutting resistance during cutting, the preferred 
situation associated with the simulation data is to have the low-
est cutting edge radius. The larger the cutting edge radius, the 
greater the effect on the cutting forces.

TABle 3

Specific pressures distribution at the tool-workpiece interface

Cutting edge radius
0.05 mm 0.1 mm 0.2 mm 0.3 mm 0.4 mm

cutting depth 0.3 mm

cutting depth 0.4 mm

cutting depth 0.5 mm
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7. Conclusion

The change in the cutting edge radius due to the depth of 
cut has no significant effect, with the exception of a cutting edge 
radius of 0.2 mm, which reduces the tendency of the effective 
stress value. The stress results obtained after the section simula-

tion show that the effective stress in the section area increases to 
about 1368 MPa in the same examination process by examining 
the effect of depth of section with increasing cutting edge radius. 
conditions. At the same time, the following aspects can be ob-
served – increasing the radius of the cutting edge causes the stress 
distribution to radiate over a larger surface of the workpiece. 

TABle 4

Graphics of the tool wear

Cutting edge radius
0.05 mm 0.1 mm 0.2 mm 0.3 mm 0.4 mm

cutting depth 0.3 mm

cutting depth 0.4 mm

cutting depth 0,5 mm

TABle 5

Graphical representation of the influence of r variation depending on the cutting depth on the cutting forces

cutting depth 0.3 mm cutting depth 0.4 mm cutting depth 0.5 mm
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increasing the cutting edge radius also affects the chip thickness, 
leading to different chip shapes, and the stress distribution of 
the workpiece is directly affected by the geometry of the tool 
tip. The depth of cut depends on the change in the radius of the 
cutting edge with respect to the effective stress distribution of 
the workpiece at the start of the tool cutting process. These rms 
stress values remain constant for each set of simulations for each 
cutting edge radius and are not a problem. due to the values 
of stress vibrations in these situations, the effect of changes in 
the cutting edge radius due to changes in depth of cut on these 
stresses is also not relevant. in the von Mises stress distribu-
tion in the sense that these stress values reach approximately 
8.9 mm/mm as the radius increases, only the effect of changes 
in the cutting edge radius is felt, not the effect of changes in the 
depth of cut. if the cutting edge radius changes between 0.05 
and 0.4 mm, the temperature gradually increases. it can be stated 
based on the obtained results and the argument that the radius 
of the tool edge influences the temperature that occurs during 
cutting. Future research will be directed towards the study based 
on “design of experiment” through which we can get response 
surfaces, with applications in choosing the parameters of cutting 
tools. Another research direction can be considered a compara-
tion between turning simulation results and experimental data 
results which conduct to highlight the simulation limits and can 
suggest simulation software’s possibilities for improvement.
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